Many patients have ilio-femoral vessel anatomy unsuitable for conventional transfemoral (TF) trans-catheter aortic valve implantation (TAVI). Safe and practical alternatives to the TF approach are therefore needed. This study compared outcomes of alternative non-femoral routes, trans-apical (TA), direct aortic (DA) and subclavian (SC), with standard femoral access. In this retrospective study, data from 3,962 patients in the UK TAVI registry were analysed. All patients who received TAVI via a femoral, subclavian, transapical or direct aortic approach were eligible for inclusion. The primary outcome measure was survival up to two years. Median Logistic EuroSCORE was similar for SC, DA, and TA, but significantly lower in the TF cohort (22.1% vs 20.3% vs 21.2% vs 17.0% respectively, p<0.0001). Estimated one-
Introduction
Trans-catheter Aortic Valve Implantation (TAVI) has expanded rapidly as an alternative to surgical aortic valve replacement (SAVR), with well over 250,000 patients treated worldwide since 2002, and trial data extending into high, intermediate, and even low-risk operable patients. 1 The trans-femoral (TF) approach is generally accepted as the default access route for TAVI. However, small vessel caliber and peripheral vascular disease preclude TF access in a significant cohort of patients. 2 In the most recent trial investigating the new Edwards Sapien III valve, 36% of patients required non-femoral access. 3 With the miniaturization in TAVI delivery systems, including the 14Fr CoreValve Evolut R®, it is commonly estimated, that 10-15% of patients will still have unsuitable femoral access. Clinicians need to understand the relative outcomes of alternative non-femoral access routes to guide optimal treatment of these patients.
Trans-apical (TA), subclavian/axillary (SC) and most recently direct aortic (DA) access have developed as the principal alternatives to TF. [4] [5] [6] While femoral access is routinely gained percutaneously by the operator, all non-femoral access routes mandate a surgical cut-down to either the apex of the heart, subclavian artery or to the ascending aorta via a right sided mini-thoracotomy or central sternotomy. [7] [8] [9] Previous studies have reported worse outcomes, including reduced survival, after non-femoral TAVI. However, very few data exist comparing the different non-femoral access routes. The aim of this study was to compare morbidity and mortality associated with different non-femoral access routes following TAVI.
Methods
The UK TAVI registry is a large prospectively collected database that includes 100% of patients undergoing TAVI in any of the 33 centres performing TAVI procedures in the U.K. Detailed information about the design of the database was published previously. 2 
Results
In total, 3980 patients were registered in the UK TAVI database. Three patients who underwent TAVI via a carotid approach and 15 patients with missing information on access route were excluded. Finally, 2828 patients who underwent TAVI via TF, 761 patients with TA, 185 patients with DA, and 188 patients with SC access were included. Table 1 summarises baseline characteristics among the study groups.
In-hospital mortality was lowest in the TF group (3.7%, n=105, p<0.0001 vs pooled non-TF). Amongst the non-femoral access groups only the SC route (4.3% n=8, p=0.69) was not significantly different to TF, whilst TA (9.5%, n=72, p<0.0001) and DA (7.6%, n=14, p<0.02) were associated with higher mortality.In-hospital morbidity is summarised in Table 2 .
An unadjusted Kaplan-Meier survival chart is shown in Figure 1 . 
Discussion
This is the largest study to compare survival among non-femoral TAVI access routes in a real-world setting, using a large dataset retrieved from the UK TAVI registry.
Trans-apical and direct aortic approaches were associated with almost identical survival, both significantly lower than after trans-femoral TAVI. Subclavian access was the only non-femoral approach for which survival was not significantly different to TF, and may represent the safest non-femoral access route for TAVI.
Despite progressive reduction in caliber of TAVI deliver systems, from initial 24Fr
Sapien and 25Fr first generation CoreValve, to the 14-18 Fr expandable e-sheath, 18Fr CoreValve, and 14Fr Evolut R systems available today, a significant proportion of patients remain, in whom small and/or diseased vessels preclude a trans-femoral approach. For these patients an alternative access route is required. In the current study non-femoral access was employed in 23.4% of patients in year 2012, even with the availability of the expandable sheath by Edwards and the 18Fr CoreValve. In treating such patients, clinicians need to understand the relative outcomes from alternative non-femoral approaches in order to guide optimal treatment.
Trans-apical access with the Edwards SAPIEN valve was the first non-femoral approach utilized for patients with unsuitable ilio-femoral vessels. 7 However, most studies have demonstrated worse outcomes, including increased short-and longterm mortality, with a TA approach. In the FRANCE 2 registry of 3,195 TAVI cases, mortality was higher with TA patients compared to TF at 30 days (13.9% vs.8.5%) and 1 year (32.3% vs. 21.7%). 10 In the PARTNER trial mortality at 30 days according to actual treatment was 8.7% for TA vs. 3.7% TF, and at 1 year 29.1% vs. 21.3%. 11 However, since most centers adopt a TF-first approach, and since those undergoing TA access invariably have a worse risk profile, it is unclear to what extent worse outcomes relate to the patient rather than the procedure itself. More favorable results have also been reported by single centers performing high volume TA TAVI, raising the possibility of a more significant learning curve or volume/outcome relationship with the trans-apical approach. 12 The present study found a TA approach to be associated with increased short-term as well as long-term mortality. In common with the FRANCE-2 data, TA access was independently associated with reduced survival after multivariable analysis. While precise factors behind the worse outcomes seen with TA remain uncertain, we found that renal replacement therapy, a known predictor of increased mortality, was more frequently required with TA. Previous studies have also shown higher levels of cardiac biomarker release after TA TAVI, less improvement in left ventricular ejection fraction, and apical wall motion abnormalities and scarring on cardiac MRI which might be a source of arrhythmia and adverse late events . 13, 14 Given the invasive nature and uncertain outcomes of the TA route, direct access to the ascending aorta has emerged as an alternative non-femoral access route. The DA approach has the advantages of obviating separation of the pleura. Hence, this access route may reduce post-operative pain and potentially respiratory complications. Potentially, this access route avoids injury to the left ventricular myocardium and it is indeed a highly familiar procedure for cardiac surgeons. As a consequence, its use has expanded rapidly with both the Edwards SAPIEN and Medtronic CoreValve systems.
To our knowledge, the present study reports the largest series of DA cases published so far, and is the first study to compare DA and TA approaches. We found no difference in both early and late mortality between DA and TA, with Kaplan-Meier survival curves almost superimposed. After multivariable analysis both DA and TA were independent predictors of reduced survival. While it is impossible to fully correct for differences in the DA and TA cohorts, a priori risk profiles including Logistic EuroSCORE appear similar, while the proximity of the unadjusted survival curves is striking.
In contrast to TA and DA, both short and long-term survival in patients undergoing TAVI via a subclavian approach were not significantly different to the TF route, including after multivariable analysis. While the SC Kaplan-Meier survival curve was nearly superimposed on the TF curve up to 6 months, the survival graphs diverged thereafter. It is likely that late survival relates more to patient co-morbidities than the TAVI procedure, and the increased a priori risk of the subclavian cohort, reflected by the higher Logistic EuroSCORE, may therefore explain the late separation of the survival curves. Our findings are consistent with Italian registry data in which there was no difference between survival after subclavian and trans-femoral TAVI in a propensity-matched analysis. 15 The recently published US CoreValve High-Risk study also reported a numerically lower 30-day mortality with subclavian (8.6%, n=70) than with DA access (13.6%, n=80). 16 The explanation for the favorable outcome of SC in comparison to DA/TA remains uncertain. The surgical subclavian cut-down is less invasive than DA and TA access, leaving the chest cavity untouched. The requirement for and duration of general anaesthesia, ventilation, and ICU stay might also be less. That the recovery process might be more favorable with SC is supported by our finding that the median hospital stay was one day less than with TA and DA approaches. The main downside of SC in the present study was the high rate of post-procedural pacemaker implantation related to the predominant use of CoreValve for the subclavian approach. 17 However, it is reassuring, that pacemaker implantation after TAVI did not affect long-term survival in a previous series. 18 The main limitation of the present study is, that the patient population was relatively heterogeneous with significant differences in baseline characteristics between different access routes. It was noticeable, however, that Logistic EuroSCORE was very similar in the 3 non-femoral groups. Although we adjusted for these differences in a Cox proportional hazard and a propensity match analysis, unmeasured confounders may always limit the conclusions that can be drawn from observational studies. Furthermore, some valve systems are specific to certain non-femoral techniques (Edwards SAPIEN to TA, Medtronic Corevalve to SC), and many UK centres have concentrated on one valve system and one alternative access technique rather than attempting multiple techniques infrequently. Data from the present study were collected mainly with 1 st and 2 nd generation valves. With the advent of the latest valve generation (e.g. Medtronic Evolute and Edwards SAPIEN
3) a further miniaturization of delivery systems was achieved, and the TF approach will probably become feasible for >85% of TAVI candidates.
Cause of death data were unavailable; hence, we were unable to determine whether differences in survival related to cardiovascular or non-cardiovascular mortality. 
